INTRODUCTION
The 1996 Presidential Advisory Committee on Gulf War Veterans' Illnesses reported that a number of Gulf military personnel from Operation Desert Storm may have been exposed to potential human carcinogens such as chemical warfare agents, aflatoxin, and certain petroleum products, including smoke from oil well fires (1) . Therefore, the Presidential Advisory Committee recommended developing long-term studies for investigating increased rates of lung, liver, and other cancers among Gulf War veterans.
A few studies have attempted to compare cancer incidence for Gulf War veterans and non-Gulf War comparison groups. One of the first used the Department of Defense (DOD) hospitalization database and reported increased risks of hospitalization for testicular cancer shortly after return from the Gulf War (2) . A subsequent study of the DOD hospitalization data found that the increased risks did not persist during a 4-year follow-up period (3) . A pilot study of matching records of approximately 1.4 million US Gulf War era veterans with two state cancer registries was conducted to compare cancer patterns among Gulf War and non-Gulf War veterans. The study suggested that the proportional incidence of testicular cancer was significantly increased among Gulf War veterans (4) . A cohort study of 1990 to 1991 UK Gulf War veterans found no excess risk of any site-specific cancers or overall cancer (5) . Also, a survey of 30,000 Gulf War era veterans in 2005 showed no significant difference in the incidence of cancer between Gulf War veterans and non-Gulf War veterans (6) .
Cancer mortality studies can be a useful proxy for incidence for cancers with low survival rates. A mortality follow-up study of the entire cohort of US Gulf War veterans for 1990 to 1997 did not indicate any excess mortality as the result of cancer among Gulf War veterans Selected Abbreviations and Acronyms DOD Z Department of Defense DMDC Z Defense Manpower Data Center SEER Z Surveillance, Epidemiology, and End Results PIR Z proportional incidence ratio 95% CI Z 95% confidence interval SIR Z standardized incidence ratio VACCR Z Veterans Affairs Central Cancer Registry VA Z Veterans Affairs compared with non-Gulf War veterans (7) . A post war (1991À1999) mortality study of UK Gulf War veterans also reported no significant difference in the risk of cancer mortality between those who were deployed and nondeployed (8) . However, more recent studies of the US Gulf War veterans who have had potential exposure to nerve agents reported an increased risk of brain cancer mortality among those veterans who were exposed to the plume from the 1991 Khamisiyah munitions destruction (9, 10) . This plume occurred when US troops destroyed a large storage complex at Khamisiyah that contained stacks of rockets loaded with nerve agents (11) .
Limitations of these previous studies included focus on mortality rather than incidence, reliance on hospitalization data, relatively short follow-up periods, or small numbers of observed cancers. This study was designed to partially overcome these limitations by identifying incident cancers obtained through matching of veterans' data to data obtained from cancer registries representing a large portion of the US population for up to 15 years of follow-up.
The primary purpose of this study was to determine whether the overall cancer pattern differed between Gulf War and non-Gulf War veterans and to determine whether proportional cancer incidence of specific cancers was greater among Gulf War veterans in comparison with non-Gulf War veterans. The secondary purpose was to determine whether those cancers that showed significantly different proportions between the Gulf War and non-Gulf War veterans differed from the expected incidence in the general population. Finally, for those cancers that showed relative excess in the Gulf War veterans, the time of diagnosis patterns were compared between Gulf War and non-Gulf War veterans.
METHODS

Study Population
The study population included 621,902 veterans who were deployed to the Persian Gulf during the 1990-1991 Gulf War (August 2, 1990, to March 1, 1991) and 746,248 non-Gulf War controls. The former group represents the entire population deployed during the time frame, whereas the latter consists of a stratified random sample of veterans from all military personnel who served during the conflict but were not deployed to the Gulf region. The data source for these veterans consisted of files obtained from the Defense Manpower Data Center (DMDC). Both groups included personnel on active duty, in the reserves, and in the National Guard. The details for the selection of the two study groups and their military and demographic characteristics are detailed elsewhere (7, 12) . Institutional review board approval was obtained from The George Washington University, the Department of Veterans Affairs, and individual state registries where required.
Cancer Matching Methodology
Identification of military personnel who received a diagnosis of cancer between January 1, 1991, and December 31, 2006, was accomplished by record linkage of the DMDC database with files at 28 state central cancer registries and the Veterans Affairs Central Cancer Registry (VACCR). Table 1 lists participating registries. The registries used a variety of probabilistic record linkage software that weighs the likelihood of subject identity on the basis of identical or near identical information in the records. Uncertain matches were hand reviewed. Key matching variables were name, date of birth, Social Security number, sex, date of death (if available), and race. Missing data on a single key variable did not exclude the possibility of a match as other variables could be used in the matching software algorithm. All veterans in the cohort had data for Social Security number.
The criteria for selection of collaborating state registries were population size of the state and number of years since 1991 that the registry has been population based. On the basis of 2000 Census data, the state registries that were included captured 84% of the United States population. Cancer type was determined using the International Classification of Diseases for Oncology, 3rd Edition (13) and in one state (Kentucky), the Surveillance, Epidemiology, and End Results (SEER) site recode (14) . For analysis purposes, cancers were grouped into 30 categories.
Statistical Analysis
To determine whether the proportion of Gulf War and nonGulf War veterans with a cancer diagnosis differed, a logistic regression controlling for age, race, and sex was performed. For this purpose, data from the VACCR were excluded as the result of differences in the eligibility for VA care between Gulf War and non-Gulf War veterans (Web Appendix). Next, to determine whether there were differences in overall cancer pattern between Gulf War and non-Gulf War veterans, the Mantel Haenszel procedure, which controlled for age, race, and sex, was used to provide a global test of these differences.
To determine whether there were differences in specific cancers, crude proportional incidence ratios (PIRs) and 95% confidence intervals (95% CIs) were then calculated. The proportional incidence was calculated by comparing the proportion of each specific cancer type among all cancers in the Gulf War group with the proportion of that specific cancer type among all cancers in the non-Gulf War group. A subgroup analysis compared ground (Army and Marines) Gulf War veterans with non-Gulf War veterans. This analysis was of interest because it is believed that the in-theater exposures of the ground troops differed from those of the nonground (Air Force and Navy) troops with regard to proximity, duration, and intensity of potential exposures such as smoke from oil well fires and Khamisiyah munitions.
To control for potential confounding, adjusted PIRs were computed through logistic regression analyses predicting each specific cancer (against all other cancers) from Gulf status while controlling for sex, diagnosis age, diagnosis age squared, diagnosis year, race, branch of service, unit type, and registry group. Diagnosis age squared was included as a term in the model to improve the model fit. Because registries varied on the years covered including starting and ending year, a variable was created to categorize the registries into similar groups based on years of coverage and starting and stopping year. Assignment of registry groups is detailed in Table 1 .
For those cancers that showed statistically significant adjusted PIRs, the study groups were compared with the general population by use of the SEER database. Age, race, and sex adjusted standardized incidence ratios (SIRs; also known as observed versus expected ratios) were calculated by dividing, within 5-year age categories for white male subjects, the observed number of cases of a specific cancer by the expected number. The expected number was based on the relative proportion of that specific cancer extracted from the SEER incidence database for the years 1992 to 2006 (15) . Exact 95% CIs around the SIRs were calculated as an extension of the Poisson method (16) .
The adjusted proportions of each cancer that showed statistically significant adjusted PIRs were calculated and plotted by year of diagnosis to examine time of diagnosis patterns. These proportions were adjusted for race, age at diagnosis, age squared, and sex through logistic regression equations predicting each cancer type with mean values for covariates substituted into the equations. Analyses were conducted using SAS version 8.2 (17) . Table 2 shows the demographic characteristics of veterans with cancer matches compared with all veterans stratified by Gulf War versus non-Gulf War status. Racial distributions were similar between the Gulf War and non-Gulf War cancer matches whereas Gulf War veterans were slightly more likely to be male than non-Gulf War veterans. Gulf War veterans were younger than non-Gulf War veterans. Similarly, among the cancer matches the Gulf War veterans were more likely to be younger in 1991 and at age of diagnosis compared to non-Gulf War veterans.
RESULTS
Descriptive Results
Those veterans who were cancer matches were much more likely to be older in 1991 than the overall sample of veterans.
Overall Cancer Patterns
The Specific Cancer Types For those cancers that showed statistically significant PIRs, SIRs comparing the Gulf and non-Gulf to the SEER population are displayed in Table 4 . Neither Gulf War nor non-Gulf War veterans showed significantly increased risks of lung or testicular cancer over the general population whereas both Gulf War and non-Gulf War veterans showed significantly decreased risks of Kaposi sarcoma when compared with the general population. Figure 1 shows the adjusted relative proportion of all cancers that were lung cancers by group at each year of diagnosis. Although the trend in the figure suggests that the overall incidence of lung cancer is flat or decreasing over time, this is an artifact of controlling for age at diagnosis. Figure 1 illustrates the 95% CIs corresponding to the adjusted proportions in Figure 1 .
DISCUSSION
The finding that the proportion of cancers identified from state registries was not statistically different between Gulf War and non-Gulf War veterans, after controlling for age, race and sex, is consistent with the UK incidence study with similar methodology that showed no additional overall risk of cancer among Gulf War veterans (5). Lung cancer was the only specific cancer that showed a significant relative excess in the Gulf War group on the basis of PIR analyses. Neither group showed a statistically significant excess of lung cancer as compared with the general population data from SEER. Age-adjusted and includes only white male subjects; expected numbers calculated from SEER incidence data 1992À2005.
AEP
CANCER PATTERNS IN GULF WAR VETERANS
Data on smoking were not available for the cancer matches, so the lung cancer analysis was not adjusted for smoking patterns. However, Kang et al. (12) showed a significantly greater proportion of smokers among Gulf War veterans as compared with non-Gulf War veterans (34.7% vs. 29.9%) among 15,000 Gulf War and 15,000 non-Gulf War veterans who were randomly sampled from the study cohorts. Although confounding by cigarette smoking may explain the difference in lung cancer between the Gulf War and non-Gulf War group, the relative excess of lung cancer among the Gulf War group, particularly the widening relative excess for 2004 to 2006, suggests that a follow-up study should be conducted to confirm this finding and to evaluate the role of smoking. The length of follow-up in this study was a maximum of 15 years, a relatively short latency period for lung cancer. Various studies of air pollution and lung cancer suggest latency periods of 20 to 30 years (18, 19) .
The results in this study do not support the pilot study findings of an increased proportion of testicular cancer among Gulf War veterans (4). This study showed a significantly lower relative proportion of testicular cancer among the Gulf War veterans when compared with the non-Gulf War veterans (PIR, 0.85; 95% CI, 0.75À0.98). However, the results of this study are similar to those of Knoke et al. (3) , which showed that there was no overall difference in the risk of testicular cancer between Gulf War and nonGulf War veterans. The pilot study (4) contained data from only the District of Columbia and New Jersey and examined a much shorter time period than the current study. Knoke et al. (3) suggest that an immediate post-war increase in testicular cancer among Gulf War veterans may be attributable to an increased DOD health care utilization among returning military personnel resulting from deferment of care during deployment.
The overall findings in this study are consistent with findings from the earlier Kang and Bullman (7) mortality study performed in the same cohort of veterans. The authors noted no significant excesses of overall cancer deaths or deaths from specific cancers comparing Gulf War with non-Gulf War veterans (7) . The finding in this study of a significantly decreased proportional rate of Kaposi sarcoma among the Gulf War veterans is also supported by the previous mortality study, which showed a significant deficit of deaths attributable to HIV infection in Gulf War veterans (7) . US military personnel who screened positive for HIV, a known risk factor of Kaposi sarcoma, were not deployed in the 1991 Gulf War. A more recent mortality study following this cohort through 2004 also notes no significant excess of overall cancer deaths or deaths from cancers at any specific sites and confirms the significant deficit of deaths due to HIV infection in the Gulf War veterans (10) .
Although mortality studies (9, 10) note increased risks of brain cancer mortality among those exposed to the 1991 Khamisiyah chemical munitions destruction, our study did not reveal any excess in brain cancer. However, these mortality studies only showed significantly increased risk when specific exposure variables detailing length of exposure time were included in the models. Unlike the mortality studies, this study did not have the specific Khamisiyah exposure information available, and the brain cancer risk associated with Khamisiyah chemical munitions destruction could not be evaluated. 
Limitations
There were some limitations with the methodology of this study. Because data from all 50 state cancer registries were not available, this study did not look at true incidence rates but was limited to examining match rates and proportional incidence. Match rates underestimate true incidence, and the main limitation of a PIR study is that a proportional incidence for one cancer can be affected by the relative frequencies of other types of cancers.
Another limitation is that the various registries used a variety of linkage software and methods. This may have resulted in slightly different match rates between the registries. Issues of data quality in both state and DMDC datasets were also a limitation. Although state registry data is generally of high quality, data quality was variable between registries and by year.
There is the possibility of duplication between states and Veterans Affairs (VA) registries, but this possibility is very small. At the time of the study, there would be little to no overlap between state registries and the VACCR because it was the policy of the VACCR to not allow state registries to release data from VA facilities for research purposes (20) .
Although the Gulf War and non-Gulf War veterans were similar on the basis of race, the Gulf War veterans were slightly younger, more likely to be male, and more likely to be active duty than the non-Gulf War veterans. We adjusted for race, sex, age, and status as appropriate in the analysis, but there is the potential for residual confounding by unmeasured variables. Those sent to the Gulf War may have been healthier than those who were not sent. The magnitude of this difference has been shown to be relatively small and any differences in health status between Gulf War and non-Gulf War soldiers were not apparent by the end of the Gulf War (2) .
There is a possibility of an excess in a rare cancer that was missed as the result of small sample size. In addition, cancers with long latency periods may not show excesses because of the limited time period of study. The length of follow-up in this study was limited to 15 years, which is a relatively short latency period for some cancers. In addition, the age of the veterans in this study was relatively young. The number of certain types of cancers in this cohort may increase with time as the cohort ages and the latency period lengthens; therefore differences in relative excesses of particular types of cancer may be underestimated in this study.
Finally, although we were able to perform linkages with 28 registries representing 84% of the US population, there was concern about how representative the matches in the 28 linked states were of the potential cancer matches in the remaining unlinked states. Any differences in characteristics between linked and unlinked state matches were likely the result of the fact that the states in which linkages were performed represent larger and more urban population centers and are not demographically representative of the entire US population. Overall the limitations discussed here were likely to nondifferentially underestimate the true number of cancers in both the Gulf and non-Gulf groups and result in an underestimate of the true risk.
Strengths
There are several strengths to this study. It was the first study associating cancer incidence outcomes with the entire population of Gulf War veterans and included a large and representative sample of non-Gulf War veterans. The outcome assessment was based on cancer registry data as opposed to mortality, hospitalization, or self-reported cancer data. The inclusion of the VACCR ensured that we had relatively complete ascertainment of cancers that were diagnosed at VA facilities. For more common cancers, the sample sizes were large enough to provide adequate statistical power to detect relatively small differences between groups.
CONCLUSIONS
This analysis demonstrated that there was no overall increased proportional risk of cancer in Gulf War as compared with non-Gulf War veterans. Lung cancer was the only specific cancer that showed a significant relative excess in the Gulf War veteran group. This relative excess could be explained by differences in smoking patterns, which were not measured in this study. It could also be a real difference related to exposures in the Gulf War theater. The time period in this study was a maximum of 15 years of follow-up, so additional studies should be conducted to determine whether the relative excesses in lung cancer increase or persist as the latency period from a potential Gulf War exposure increases.
Appendix. Supplemental Data
Cancer diagnosis data that was received from the state cancer registries was deidentified. Therefore, although we desired to analyze the cancer matches relative to the original dataset of all Gulf and non-Gulf veterans we could not simply merge the cancer diagnosis records with the originating dataset. To address this limitation we created a dummy dataset that would allow for the appropriate analyses to be performed. This dataset was created with the same age, gender, racial, and gulf distribution as the original dataset. Only these variables were considered as they were the covariates necessary for the analyses. This dataset included all the cancer diagnosis data from state registries which were matched on the aforementioned covariates. Logistic regression analyses were performed to determine the match rate for any cancer diagnosis and for lung cancer diagnoses. Year of Diagnosis
